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~ 2.7As mrmmmm BYFIzwT ‘msTs

ATSUPERSONICSPEEDS

BySidneyR.AlexanderandEllisKatz

Testswereconductedtodeterminetheeffectof sweepback
angleandaspectratioonthedragof anN4CA65-oo9airfoilat
supersonicsyeeds.Thedatawereobtainedbytrackingrocket-
propelledbodiescarryingwingsof’variousplanforms.The
followingwingarrangementswerefivestigated:(a)aspectratio
of1.5, sweepbackanglesof0°~34°, 45° and52°and(b)aspect
ratioof2.7,sweepbaokangleaof0°, 3k6,and45°. Theresults
showedthatfortherangeofMachnumberinvestigated(M= 1.05
to 1.35) increasingthesweepbackangleanddecreasingwe aspect
ratioreducedthevalueofthewingdragcoefficient.Decreasing
theaspectratioalwaysdecreasedthewingdragcoefficient
althoughthiseffectwasobserved,tobecomeverysmallatthe
hi@ersweepbackangles.~

INTRODUCTION

Theaerodynamiccharacterlaticsofwingsatsonicspeeds
becomesubjecttomarkedadversechangesduetorapiddisconti-
nuities”intheairflowoverthewingprecipitatedbythefo~tion
ofshockwaves.Theseadverseeffectscouldbeappreciablydelayed,
asshownh reference 1, by s%’eepingthewingback.

Thefavorablerelievingeffectsduetothethree-dimensional
flowaroundwingsoffinitespanatsupercriticalspeedshavebeen

● experimentallyverified*n reference2. However,fewsyste=tic
data6xiston theccmhinedeffectsofsweepangleandaspectmtio
ondmg inthetransoficandsuperscmicspeedrange.s
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Inordertoobfxiininformationrelativetothedragofwings
atsupersonicspeedsa seriesoftestsarebeingconductedbythe
LangleyPilotlessAircraftResearchDivisionatWaUopsIsland,Vs.,
ofrocket-propelledbodies.carryingwingsofvarioussweepback
anglesA andaspectratiosA. Resultsarepresentedhereinof
dragtestsofrectangularandswept-%ackWCA 65.009airfoils of
aspectratioa1.5 and2.’7.Thesevaluesare‘basedonthetotal
wingspanandareaIncludingthepart%la@reted%ythefuselage.
TheNACA65-009airfoilisthesameasthatusedinthefreely
fallingbodyinvestigationofreference3,althoughsincethepubli-
cationofreference~ thesubscript1 hasbeendeletedfromthe
designation.Thesweepbackangleswereselectedtogiveratiosof
free-streamvelocitytovelocitynormaltothewingleadingedge
Of 1.000, 1.207, 1.414,and1.621.

MODEISANDTESTS

Therocket-propelled,wingedtestlodleswereconstructedof
woodandwere~ inchesindiameterandap~roximately5 feetlong,
Theairfoilswereofaspectratios1.5andZ.7andweresweptback0°,
34°, and45°. Inadditio~ljforthe1.5aspectratto,theairfoil
wastestedwitha sweepbackof52°.Theairfoilsweremountedon
thefuselageatzeroangleofattacksoaetohavethemidsemispan
quarter-chordpointatthesamelongitudinalstationasthedesign
centerofgravityandhadneithertwist,taper,nordihedral.The
constant-chordeectionswerealwaysnormaltotheleadingedge.The
fuselagesweremadehollowtoaccommodatethepropulsionunit,a
standard3.!25-inchMk,7 aircraft rocketmotordevelopingabout .
2200poundsofthrustfor(3.87secondatananibientpreignition
temperatureof69°F. Thestabilizingfinswererotated45°tothe
planeofthewingsto~nimizetheeffectofthewfngwakeonthe
tail.Withtheexceptionof thearrangementwith52°sweeplack,
thereweretwomodelsofeachconfigurationtested.A linedrawing
ofthegeneralbodyarrangementisshownasfigure1 and~hotographs
ofthetestbodiesarepresentedinfigures2 to4.
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Theexperimentaldatawereobljainedlylaunchingthetestbodies
atanemgleof75° tOthehorizonhlmd determiningitsvelocity
alongtheflightpathbytheuseofCWDopylcmradar(AN/TPS-5).
Photographsofthelauncherandradarareshowninfigures5(a)
and5(b),respectively.A typicalcurveofvelocityagainstflight
timeobtainedfrornaradarrecordisgiveninfigure6. Thedrag

.

datawereobta~nedbydifferentiatingthepartofthecurve
correspondingtothetimethebodieswerecoasting(afterthe ●

propellanthadbeenexpended)andconvertingthevaluesofdeceleration
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into correspondingvaluee

-mu
of”dr~coefficient.Thetestscovered
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a Mach“num%erran~efromayprox&telF1.0ta1.37.

RESULTSANDDISCUSSION

Figure7 presentscurves of bothtotal&e@ andwh.gdrag
against’velocityforthetwoaspectratiosinvestigated.The
curvesofwingdragk-erederivedbygraphicallytakingthenumerical
differencebetweenthetotal-dragcurvesofthewingedcotiigumtions
andthatofthesharp-nosewingless‘bodyofreference& shownin
figure8. !LTnevaluesofwingdzagde:enninadby thismethodinclude
sJVpossiblewing-fuselageinterferenceeffects. Thebodywith
win@ ofaspecti’atio1.5andsweepbackangleof-52°washot
trackedtothelowMachnumberrangeobtatiedwiththeothertest
bodies.

Figure9 presentscorrespondingplotsofdragcoefficient
&gainGtMachnumberforthewingarrangementsinvestigated.The
dragcoefficientswerebasedonthecanstant,exposedwingpl.an-
forl?lareaofZOOsquareinches.Theaccuracyofthedragcoefficient
data,aseccperimenmllydet,e?minedfrcmrepeattasts,isapproxi-
mately*3percent”.Examinaticmoffigure9(b)revealsthat,for
thewingsofaepectratio2.7andswsephackanglesof34° and45°,
the drag-coefficientredl~ctionamoun~,edto5.0percentand69 percent,
respectively,OYtieunsweptwingvaluesforaltachnuluberof1.2.
AtthesanevalueofMachzmmber.foraspectratio1.5the34°and4’5°
swept-backwingsroficedthedragcoefficient.~ofwe unsweptwing
by50and.61percent,respectively.Theeffectofdecreasing
thtiaspectratioonthedragreductionisobserved.toremain
constantwithincreastigsweephackangleuntil,atari.”angleof
approximately45°,thiseffectsu~enlybecanes“verysmall.At
sweepbackanglesof():~3&0, for a &ch n~berofL.2j.the1.5
aspect-ratiowingreducedthe%lue ofthe&ragcoeffici~ntobtatied
forthe.2.7aspect-ratiowingby18percent. . .

Itehouldberememberedthatsince .the cons+~t-chordsaction
WaSalwaystiomEJ.tothele~ing“e@ forthewingcotiigurations
presentedherein,~Aethicknessratiotntheflightdlrection
decreasedwithincreasir~sweepangle.
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CONCLUSIONS

Flighttest~todetelminethedragofrectangularandswept-
NACA67009airfoils hLTP@aspectratiosof1.5~d 2.7,
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respectively,wereconductedbytheLangleyYflotlessAircraft
ResearchDivisionatWallopsIsland,Pa. FortherengeofMach
nurherjsweepbackangle,andaspectratioinvestigated,the
followinggeneralconclusionswerereached:

1.Increasingthesweephackangleanddecreasingtheaspect
ratioreducedthewing-dragcoefficient.

2.Decreasingtheaspectratioalwaysdecreasedthedmg
coefficientalthoughthiseffectwaso%servedto%ecomevery-11
atthehighersweepbackangles.

IangleyMemorialAeronauticalIaloratory
NationalAdvisoryCo?mnitteeforAeronautics

LangleyField,V&.
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(a)A = OO.

Generalviews of test bodies of aspect ratio 1.5.
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NACARM No. L6J16 Fig. 2b
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(b) A = 45°.
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Figure2.- Continued.



NACARM No. L6J16 Fig. 2C.
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(C)L = 52°.

Figure2.- Concluded..
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NACARM No. L6J16 Fig.3a

Figure 3.- General

(a) A = 00.

viewsof test

.

bodies
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of aspect ratio 2.7.
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NACARM NO. L6J16 Fig. 3b

(b)A = 34°.
!

Figure 3.- Continued.
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(c) A= 45°.

Figure 3.- Concluded.
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Figure4.- Three-quarterfrontviewoftypicalswept-back
bodyamxmgement.
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NACARM ~0. L6J16 Fig. 5a~

(a) Close-up of bodyin launcher.

(b) CW Dopplerradarunit(AN/TPS-5).

Figure5.- Generalviews of launcherandradar.
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NACA “RMNo. L6J16 Fig. 8
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Figure8.- The sharp-nosewinglessbodyof reference 4.
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